In the last years equity exchanges have diversified their operations into business areas such as derivatives trading, posttrading services, and software sales. Securities trading and post-trading are subject to economies of scale and scope. The integration of these functions into one institution ensures efficiency by economizing on transactions costs.
INTRODUCTION
Until recently, equity exchanges in Europe used to operate their business facing almost no competition. In most of the markets a domestic consolidation has taken place several years ago and mainly one national exchange has remained. In the last years the exchanges moved towards more consolidation on an international level. The mergers of NYSE / Euronext, London Stock Exchange / Bolsa Italiana, and NASDAQ / OMX are the result of this trend. One of the most stated reasons for this consolidation were economies of scale.
Depending on the choice of statistics, the rankings of equity exchanges are totally different: The largest stock exchange by its own market capitalization is the Deutsche Börse Group, while the NYSE Euronext is the largest exchange by share trading value. The organization of equity exchanges is also very diverging. There are significant differences in governance, covered markets, and range of products. While e.g. the NYSE Euronext is providing equity trading services for different markets, the Hong Kong Stock Exchange is providing trading, clearing, and settlement services for one single market.
The contribution of this paper is to identify the most important factors that affect the organization of efficient securities trading and post-trading. Through a regression analysis the positive effect of the size of an exchange on the per trade costs is shown. Moreover, the positive effect of vertical integration of trading and post-trading and the negative effect of size and diversification on the profitability of equity exchanges is shown. These findings may help industry practitioners to indentify future strategies. They may also help to find the best way to organize trading, clearing, and settlement from a macroeconomic view which is heavily discussed by institutions like the European Central Bank or the European Commission since a long time.
This paper is organized as follows. First, the economies of trading, clearing, and settlement are described. It is followed by a review of respective literature. The next section shows the current status of the trading and post-trading industry. Then, economies of scale in securities trading are analyzed empirically. The next section evaluates the impact of size, diversification, and vertical integration on the profitability of an exchange. The paper closes with a conclusion.
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ECONOMIES OF TRADING AND POST-TRADING Trade Execution, Clearing, and Settlement
The securities trading value chain consists of a variety of complementary trading, clearing, and settlement activities. The first function is the execution of the transaction. In case of an exchange, the orders to buy or sell a security are directed to a central marketplace. In the dominating electronic exchanges, the orders are routed to a central computer which matches buy and sell orders based on matching algorithms (Pirrong 2008 ). Clearing and settlement covers all processes that occur after a trade has been executed to finalize the transaction. The actions involve the post-trade transfer of cash and securities (Schwartz and Francioni 2004 
Network Effects
The execution of orders is subject to network effects due to the nature of liquidity (Domowitz and Steil 1999) . Liquidity plays an essential role in financial markets where order flow attracts order flow (Hassan and Schmiedel 2002) . It is cheaper to execute orders in markets with large numbers of other orders. There are a variety of formal models that demonstrate that trading of financial instruments is subject to network economies, which cause average implicit trading costs to decline with the number of traders (for more details see Pirrong 2008 ). These trading costs include the bid-ask spread and the price impact of trades. Clearing and settlement are also subject of network effects. Network effects arise in clearing because the greater the number of transaction counterparties that use the services of a CCP, the greater the probability that a transaction by a given party will be accepted by the CCP, and therefore the greater the utility for that party to buy the CCP services (EU Commission 2006).
Economies of Scale and Scope
Economies of scale occur when firms achieve per unit costs savings by producing more units of a good or service. Such effects arise when it is possible to spread fixed costs over a higher output. The providers of trading, clearing, and settlement can achieve significant economies of scale, as the set-up costs for a transaction platform have a substantial portion of fixed costs and thus the average costs fall with an increasing transaction volume (Serifsoy and Weiß 2007) . For the provision of a trading infrastructure high investments in IT infrastructure are necessary. These investments are largely independent from the number of transactions. Securities clearing services are also subject to economies of scale. In particular the clearing houses have to create the necessary software and IT infrastructure. The maintenance and operation of the clearing systems does not vary strongly with the number of transactions processed. Additionally, there are economies of scale in the main function of a clearing house -the bearing of risk. There are additional costs if there is more than one clearing house. Multiple clearers have to manage the risk between the clearing houses and thus have to maintain costly communication links to the other clearing houses (Chlistalla and Schaper 2008) . The costs of settlement are also largely fixed. Like trading and clearing, settlement requires the creation of a software and IT infrastructure which involves a large fixed component (Schmiedel, Malkamäki, and Tarkka 2006) . The interlinkage of multiple settlement systems also leads to high costs (Schaper 2008b ).
Economies of scope occur when firms achieve cost savings by increasing the variety of goods and services that they produce (joint production). There are strong scope economies in trading, clearing, and settlement. These scope economies influence the efficient organization of trading, clearing, and settlement (Pirrong 2008 
Diversification
Besides providing trading, clearing, and settlement services some equity exchanges are providing other services and products (Serifsoy 2007) . For example Deutsche Börse, Euronext, and OMX Group are achieving significant revenues from the development and operation of IT for other exchanges. They sell their trading systems and sometimes even operate the systems for other exchanges. Beside this, most exchanges are providing trading services for non-equities products. In case of some exchanges the revenues of these services are notable. As for example SIX and the Deutsche Börse Group are operating the European Derivatives Exchange EUREX. Both are achieving larger revenues from derivatives than from equities trading.
LITERATURE REVIEW AND HYPOTHESIS
Literature Review
To date, there are only a small number of studies on the effect of economies of scale on trading and post-trading. There are also only singular studies about the effects of vertical integration and diversification on the profitability of exchanges:
Malkamäki (2000) shows empirically the existence of economies of scale in securities trading by estimating the cost function of exchanges for the years 1996-1998. He illustrates that scale economies exist only in the very large stock exchanges but that there are significant scale economies with respect of the processing of trades. In literature mostly isolated factors like the effect of size, diversification, or integration on the efficiency of exchanges where analyzed empirically. The contribution of this paper is the analysis of the most important business drivers of equity exchanges: size, diversification, and vertical integration on the main output of an exchange, the matching of orders. Moreover, we analyze the effects of size, diversification, and vertical integration on the profitability exchanges by means of a regression analysis. These findings may generate recommendations for the organization of equity exchanges.
Schmiedel, Malkamäki, and Tarkka
Hypotheses
From the previous discussion and literature review the following hypotheses are derived and will be challenged in the following sections. The reverences indicate associated literature to related research already stated in the previous sections.
H1
Large exchanges provide securities trading at lower costs per trade than small exchanges.
Malkamäki (2000); Serifsoy and Weiß 2007
H2
Vertically integrated exchanges are able to achieve a higher profit ratio than non integrated exchanges. 
Pirrong (2008)
H3
Large exchanges achieve a lower profit ratio than small exchanges.
Nielsson (2009)
H4
Diversified exchanges achieve a lower profit ratio than non diversified exchanges.
Serifsoy (2007)
CURRENT STATUS OF THE TRADING AND POST-TRADING INDUSTRY
One major trend in the equity trading, clearing, and settlement industry is the consolidation via vertical and horizontal integration. Horizontal integration involves mergers of institutions or systems providing similar services in different markets, such as the merger of trading systems. Vertical integration involves mergers of institutions providing different, but integrated services, which are processed along the securities trading value chain within a single entity or group of entities (Serifsoy and Weiß 2007) . The organization of equity exchanges is very diverging. The majority of the listed equity exchanges are operating their captive clearing and settlement entities beside the provision of trading (see Table 1 ). The two exchanges with the highest market value are vertically integrated exchanges, the Deutsche Börse Group and Hong Kong Exchanges and Clearing (having a higher market value than the other eleven exchanges together).
Beside of the market (shareholder) value, the net profit ratio (= net profit / revenues) is an important goal for a profit oriented company (Groppelli and Nikbakht 2006) . The average net profit ratio of equity exchanges over the years 2005-2007 was 44 percent ii . The net profit ratio of most of the vertically integrated exchanges is significantly higher than the ratio of the non-(vertically) integrated (see Table 2 ). If ratios could not be calculated they are marked as 'NA' (not available). Of those exchanges focusing purely on trading services, only the TMX Group and the Istanbul Stock Exchange are performing above 
EMPIRICAL EVIDENCE OF ECONOMIES OF SCALE The Model and Data Sample
The cost structure of securities trading is significantly depending on the scale of an exchange (Pirrong 2008; Malkamäki 2000) . This is due to the large fix costs for the implementation of the trading software and the respective communication infrastructure. The matching of orders is one of the main outputs of an exchange. The costs per trade can be seen as indicator of how efficient the exchange is providing their main services, the matching of orders (Malkamäki 2000) . Due to the dominant trading on electronic trading systems the main factor that affects the costs of the exchanges is the number of transactions (X). The value and the number of shares are not affecting the costs directly (Malkamäki 2000) . Vertical integration (VER) of an exchange is modeled as a dummy variable (indicating 1 for vertical integration otherwise 0). Some exchanges are diversifying (DIV) and are providing other services than equities processing, such as IT-services, which needs to be considered. DIV is a dummy variable indicating 1 for diversification of an exchange and 0 for no diversification. The following function for the costs per trade (CPT) indicates the main factors of an exchange (i) for the period (t). 3 ). There are no direct measures available for inputs of stock exchanges. The two most important input prices for the operation of stock exchanges are the costs of the trading system and labor costs (Malkamäki 2000) . As some exchanges do not publish cost information in detail, we use the annual costs of the exchange as proxy for the input of the exchanges. We adjust the costs with a diversification factor. In case of diversified exchange, the output proxy 'number of equities transactions' is only one part of the output of these exchanges. Thus an adjustment of costs data was done. The analysis of the annual reports shows that in average 44.5% of the business is related to equities trading and post-trading (the analysis of the main cost factor of an exchange 'staff' comes to a similar relation). In Table 3 Figure 1 ). The effect is stronger for the vertically integrated exchanges. Considering the size of the exchanges and the integration of trading, clearing, and settlement is not sufficient to explain the costs per trade. Additionally, the diversification has a dominant impact on the costs per trade. Therefore we introduce the dummy variable for the diversification of an exchange (DIV).
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Empirical Results
The analyzed data supports the hypotheses that the size of the exchanges leads to lower costs per trade. It also shows that diversification and vertical integration lead to higher costs per trade. Table 4 provides estimates for the variables number of transactions (X), diversification of an exchange (DIV), and vertical integration of an exchange (VER). The dependant variable in the regression is costs per trade of the exchanges. It shows that the regression with X, DIV, and VER (see column 4) has a higher coefficient of determination than the regression with either only X (column 1), DIV (column 2), or VER (column 3).
(1) For the organization of an exchange not only economies of scale need to be considered. As most of the exchanges are profit oriented and some even listed companies, the net profit ratio (NPR) is an important indicator for the success of the management of an exchange (see Table 1 and Table 2 ). In the following figure the net profit ratio in relation to the size of the exchanges is plotted. The net profit ratio of the exchanges shows that the vertically integrated exchanges are the most profitable exchanges. Vertical integration is modeled as a dummy variable (VER) indicating 1 for vertical integration and 0 for no integration. At the same time the large exchanges seem to be less profitable than the smaller ones. The size of the exchange is measured by the number of transactions (X). The core competence of an exchange are trading and post-trading services. Additional services, like IT-services, do not belong to the core competence of an exchange (Serifsoy 2007 
Empirical Result
In the following the hypotheses H2, H3, and H4 are tested. Table 5 provides estimates for the variables number of transactions (X), vertically integration (VER), and diversification (DIV). The dependant variable in the regression is the net profit ratio. The table shows that the regression with X, DIV, and VER (see column 4) has a higher coefficient of determination than the regression with only X, DIV, and VER (see column 1, 2, and 3).
(1) The results support the hypotheses that larger exchanges are less profitable than smaller ones (H3). They also support the positive effect of vertical integration for the profitability of exchanges (H2). The negative effect of diversification for the profitability is supported as well (H4).
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CONCLUSION AND OUTLOOK
Equity exchanges have been diversifying their operations into related business areas. Securities trading and post-trading are subject to scale and scope economies. The integration of these functions in one institution ensures efficiency by economizing on transactions costs. Our analysis confirms that large exchanges are providing trading services at lower costs per trade than smaller ones. Whereas integration of trading and post-trading and diversification lead to higher average costs per trade.
Size and diversification have a negative influence on the profit ratio of equity exchanges, while vertical integration has a positive impact. This is supported by the market capitalization of the exchanges that seem to be higher in case of vertical integration (see table 1 ). Reasons for this effect might be among others economies of scope, the reduction of technical and organizational interfaces, and the market power.
We see that large exchanges provide trading at the lowest per trade costs, but vertically integrated exchanges realize the highest profits. These results are also confirmed by the current strategies of the exchanges which show a trend towards more verticalization of securities trading, with for example the merger of the LSE with the Bora Italiana (which includes post-trade services) in 2007 and the integration of trading and post-trading at the SIX Group in 2008.
The organization of exchanges is important for the different stakeholders: The users, the operators, the shareholders, and the regulators. Especially in Europe the vertical integration of trading, clearing, and settlement is discussed controversially (EU Commission 2006; Schaper 2008). Our findings show, that the largest exchanges are providing trading at the lowest costs per trade. This means that from a macroeconomic perspective horizontal consolidation has to be considered as a suitable approach to improve the explicit costs per trade. On the other side competition is important for the development of innovations in the area of trading, clearing, and settlement. As for example new trading venues like Chi-X established the trading of European securities using the existing domestic infrastructures for the settlement instead of using links or agent banks (Chlistalla and Schaper 2008) .
From the shareholders perspective the best way to maximize the profit of the exchange seems to be the integration of the securities trading value chain and to focus on single markets rather than providing trading services for different markets.
Naturally, the potential for monopoly behavior of vertically integrated exchanges needs to be considered properly which possibly is one of the most difficult issues and deserves a dedicated monitoring.
